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To all whom %t may concern: | understood, attention is directed 'to the ac- 
Be it known that I, Tuomas A. Epison, | companying drawings forming part’ of this 

a citizen of the United States, residing at | specification, and in which 

Llewellyn Park, in the county of Essex and : Figure 1 is a perspective view of one of the 

State of New Jersey, have invented a certain | plates proviced with receptacles for carrying 

new and useful Improvement in Reyersible | the elements of the battery, Fig. 2 a plan 

Galvanic Batteries, (Case No. 1,048,) of which thereof, and Fig. 3 a vertical sectional view 


the following is a deséription. » | showing a cell of four elements properly elec- 
My invention relates to improvements ir | trically connected. 
reversible galvanic cells or so-called storage |. In all of the above views corresponding 


battéries, and the object of the invention is parts are represented by the same numerals 
to-provide and produce a battery of this type | of reference. ; 
which is light, portable and durable. The plates 1, which are generally rectan- 

With the commercial storage or reversible gular in form and relatively thin , are made 
galvanic cells as now constructed, the solu- preferably of sheet nickel, but sheets of iron 
tion is changed as the battery is charged or | or other metal pro erly nickelplated can be 
discharged, (hereby requiring a considerable | utilized instant Panel plate is provided 
amount of liquid and.making the cell heavy | with a frame 2 surrounding the same, which 
and bulky. ‘Thus in the case of the lead stor- | frame is made also of nickel or of nickelplated 
age battery, sulfuric acid is taken from the metal, and said frame is connected to the 
liquid in the act of discharging. In the ease plate 1 by nickel rivets 3 which are prefer- 
of the zinc and copper oxid battery with al- | ably fused in position by an electrié are op- 
kaline solution, the whole of the zine is car- | erated in the well known .manner in order 
ried inthe solution, from which, in the act of | that perfect contact between the frame and 
charging, it is electroplated upon a suitable plate may be secured. The plates are pro- 
electrode. With my improved reversible | vided with lugs 4, 4 at their-be:toms, hy 
galvanic cell, nothing is added to or taken :| means of which all the plates of the cell may 

om the solution during the charging and | be mechanically connected together by the 
discharging since the active materials are in- | usual electrically insulated connecting bolts 
soluble in all conditions of use and in conse- 4’, and at their upper ends they are provided 


~ quence a minimum quantity of solution can | with lugs 5, by which the like elements of the 


be employed, while a highcondition of perma- | cell, may be’ connected clectrically in’ the 
nence will be secured as J will explain. usual way; for instance, all of the negative 
“My present improvements relate, in the plates may be formed with lugs 5 at the 
first place, to the use of finely divided metal- right, and the positive plates with Uhese lugs 
lic cadmium as the active clement, and to | at the left, so that the lugs may be connected 
finely divided copper oxid as the negative | together by bolts 5’ passing directly through 
element, both being employed in an alkaline | them, Secured to the plates J on one side 
solution. thereof are the nickel or nickelplated pock- 
The improvements further relate to the ; ets or receptacles 6, which are perforated as 

| 

i 

i 

| 

! 


shown, and which contain the battery ele- 
ments. The plate as described is the’ same 
for the negative element as for the positive 
element, thereby materially reducing the cost 
of their manufacture. , 

In manufacturing my battery, I find that 
the nickel going into’ the makeup of the 
plates and pockets becomes ebuiett 


ceptacles are made of nickel or of some other 
metal, such as iron, suitably nickelplated. 

The improvements further relate to the 
production of the finely divided cadmium 
and copper in a proper. condition for use in 


the battery; and, finally, to the construction with an 


_.of the battery as a whole, and to the assem- | oxid due presumably to the annealing, and 


50 


bling and treatment of the elements entering 
into its makeup. 
In order that the invention may be better 


which J find; cannot, be removed by acids 
without affecting the plate. 1 therefore 
prefer to remove this oxid, in order that the 
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metallié surface of the plate may be abso- | strong alkaline liquid necessarily employed - 
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lutely clean, by first heating the plate in a | for holding in solution a sufficient quantity 


closed chamber until it reaches a red heat, | of the active material. 


and by then reducing the oxid by hydrogen. 


Into the pockets 6 of one of the plates of each | 


pair is tightly packed, in the preferred in- 
stance, finely divided metallic cadmium as 
the positive clement, and into the recepta- 


‘cles of the other plate of the pair is packed, 
in the preferred instance, finely divided cop- ! 
/ of the production of the soluble copper salt 


er oxid as the negative element. 
The finely divided metallic cadmium is 
preferably obtained by an electrodeposition 
process, a very thin platinum wire being used 


| 


| 


as the cathode, a plate of metallic cadmium ; 


as the anode, and a weak solution of sulfate 
of cadmium as the electrolyte. By em- 
ploying a strong current inthe electrolyte 
with a sinall platinum wire as the cathode as 
explained, the cadmium will be deposited 
thereon in its metallie state, exceedingly 
finely divided and filamentary in form and of 
great purity. The deposited finely divided 
cadmium is detached from time to time from 
the cathode, and is washed in water to re- 
move any adhering sulfate of cadmium, 
after which it is packed in the perforated 
pockets 6 of the desired plates, which are 
then ready for use in the cells. 

By reason of the filamentary character of 
metallic cadmium, the packed mass within 
the perforated pockets can be made very co- 
herent, while at the same time sullicient 
porosity will be secured to permit the elec- 
trolyte to effectively circulate through the 
sale. 

In the case of the preparation of the fincly 
divided copper oxid, greater preparations 


are necussary in order that proper results : 
' A material increase in the tenyperature has 


may be secured. _ In all the attempts of pre- 
vious experimenters to use copper oxid as 2a 
depolarizer in, reversible batteries, the phe- 
nomenon was observed of the production of 
a smal} amount of a copper salt, bluish in 
color, and which was soluble in the alkalime 


liquid.. With the previous experiments it | 


was observed that this soluble salt in cireu- 
lating in the solution was reduced to the nie- 
tallic state by contact with the active metal 
(zine for instance), producing local action 
and resulting in the rapid deterioration of 
the elements. ‘The previous experimenters 
attempted to prevent the circulation of the 
soluble copper salt in the liquid by surround- 
ing the copper element with a porous mate- 


rial, which while not preventing the current- 


flow, would to a certain extent retard the 
circulation of the soluble copper salt. The 
experiments referred to were, however, un- 
successful, for the reason that the porous 
material would not permanently prevent the 
circulation of the soluble salt, and the pecul- 
iar porous materials which had to be used 
were themselves destroyed in time by the 


Such experiments 
were also unsuccessful because a relatively 
large bulk of liquid was necessary, while the 
resistance of the cell was enormously in- 
creased. In consequence, reversible bat- 


i : s a ; 
4. teries using copper oxid as a depolarizer have 
| 


| never remained in commercial use and are 


now obsolete. I have ascertained the cause 


referred to, and have prevented its forma- 
tion entirely so as to overcome the objec- 


| tions which were met in practice by the 


early experimenters with cells of this type. 
Briefly stated, my discovery resides in the 
fact that when the copper is in very finely 
divided form, the production of the soluble 
salt is entizely overconie, since the effect ‘of 
the current is to make anhydrous and in- 
soluble in the alkaline hquid any copper 
oxid which may be formed. — If, on the other 
hand, there is a single piece, however minute, 
of dense copper, or even if the finely divided 
copper is compressed. sufficiently to mate- 
rially increase its density, a soluble hydroxid 
of copper will be formed therefrom with the 
objections indicated. Furthermore, I find 
that copper seale cannot be employed with 
saf ty on account of its density after reduc- 
tion to the metallic state, and also because it 
generally contains some unoxidized copper, 
from which on reoxidation by the current the 
blue hydroxid referred to will inevitably be 
produced. In practice therefore, 1 prefer- 
ably obtain the finely divided copper by re- 


: ducing pure carbonate of copperin the usual 


way by hydrogen at the lowest possible tem-— 


perature that will insure perfect reduction. 


been found to result in an objectionable in- 
crease in the density of the copper produced. 
When the copper has been thus secured in 
finely divided form, it is molded. into thin 
blocks of the proper shape to fit snugly in the 
pockets 6 of ‘the plates. ‘The pressure used 
in molding these plates should not be greater 
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than is necessary to permit the plates to be - 


easily handled without breakage, and care 
especially should be taken that the molding 
devices do not scratch or indent the plates to 
thereby locally increase the density of the 
copper and thereby result in the objection- 
able formation of the blue hydroxid referred 
to. After the copper plates have been 


molded, they are subjected in a closed cham- . 
| ber to a temperature of not over five hun- 


dred degrees Fahrenheit for six or seven 
hours until the copper is converted into its 
black oxid (CuO). If higher temperatures 
are employed, the density of the black oxid 
will be undesirably inercased. After being 
thus oxidized, the copper oxid blocks are re- 


duced electrolytically to metallic copper, 
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. and are then reoxidized on charging by the 
current until they are converted into the red 
oxid (Cu,O). In this form, the blocks are 
inserted in the perforated pockets 6 of the 

5 desired plates, which are then ready for use. 
The finely divided copper originally ob- 
tained by reduction by hydrogen as ex- 

.’ plained, may be lightly packed in the perfo- 
rated receptacles without being first oxi- 
19 dized by heat as described. I find, however, 
that. when this is done, the efficiency is not so 
high as when the copper is first oxidized to 
the black oxid, because, unlike the cadmium, 

it is not filamentary in form, and its parti- 

15. cles as originally produced do not apparently 
effect an intimate electrical contact. with 


| 


| 


each other. Finely divided copper ob- ' 


tained as described or in’any other way, and 
of such a character as to prevent, when oxi- 


20 dized, the formation of a soluble cdpper salt _ 


-in an alkaline solution, is not necessarily | 


limited in its use'in connection with a reversi- 
ble galvanic cell employing cadmium as the 


active element, but on the contrary it may be | 
' L claim as new and desire to secure by Letters 


25 employed to advantage as a depolar‘zer in 
other alkaline solution cells wherein zinc, for 
example, is used as the active clement. 

The copper oxid and cadmium plates ob- 
‘tained as I have explained, are then properly 
30 connectedthrough the lugs 4, 4, which are suit- 


ably insulated from each other, and by the lugs | 
_5,8o that the like plates of the cell will be elec- | 


‘trically connected. The plates, after they 


have been thus aggregated,.are inserted in 2 


35 suitable jar 7, containing preferably about a 
ten percent solution 8 of pure sodic hydroxid. 

In operation, when the 1 ittery is dis- 
charged, the copper oxid is reduced to the 


3 


enabled to produce a reversible galvanic cell 
which is in fact a so-called dry battery. 

The voltage of my improved battery is .44 
volts. Its mternal resistance is extraordi- 
narily small, and the output per pound of 
cell exceeds that of any combination of 
which I have any knowledge. Further- 
more, exhaustive tests which have been 
made, have demonstrated that there is prac- 
tically no deterioration, since ‘neither nickel, 
nor cadmium nor any of their oxids, nor cop- 
per, nor its anhydrous lower oxids, are solu- 
ble in the alkaline liquid, while there is no 
local action between the metallic cadmium 
and nickel, on account of the position of the 
two metals in the electric series, The jar or 
cell 7 for containing the elements may be 
made of nickel or iron or other metal nickel- 
plated on its interior and hermetically sealed 
as to the liquid, a gas vent 9 being alone nec- 
cssary to permit the escape of gases which 
may be generated in case the battery is over- 
charged. 

Having now described my invention, what 


Patent is as follows: 

1. In a reversible galvanic cell, an alkaline 
solution; an electrode consisting of an insoluz 
ble metallic perforated inclosing pocket, and 
a finely divided insoluble active material 
tightly packed in such inclosing pocket; and 
a second electrode, substantially as set forth, 

2. In areversible galvanic cell, an alkaline 
solition; and an electrode therein comprising 
an insoluble electrode plate, a series of insolu- 


“ble metallic perforated inclosing pockets car- 
‘ried by said plate, and an insoluble active 


metallic state, while the metallic cadmium is : 


40 oxidized to cadmous oxid (Cd,O). Upon re- 


charging, the oxid of cadmium is reduced to 


the metallic state, while the copper is oxi- 
dized to copper oxid (Cu,O). In the cliarg- 
ing and discharging of the cell, water from 
45. the liquid is respectively decomposed and re- 
. generated, leaving the liquid in exactly the 
‘same condition and quantity after each dis- 


charge. For this reason the amount of liq- 


uid used may be very sinall, and in fact L find 


‘60 in practice that by interposing hetween the - 
. plates thin sheets of asbestos, or of any suit- | 


able light, powdered material not attacked 
. by the alkali such as oxid of magnesium and 


which have been merely moistened with the | 


56 alkaline liquic, nearly as good results cur be 


“secured as when the plates are actually im- | 


-Mersed in the solution. In this way I am 


material tightly packed in said pockets; and 
wsecond electrode, substantially as set forth, 

3. A reversible galvanic cell, comprising 
an alkaline solution, a positive clement com- 
posed of finely divided cadmium in filamen- 


tary form and a suitable negative électrode,. 


substantially as set forth, , 

4. A reversible galvanic cell, comprising 
an alkdine sohition, and an electrode consist- 
ing of a nickel plate, a perforated receptacle 
thereon, finely divided cadmium in said re- 
ceptacle, and a second electrode, substan- 
tially as set forth, , 

This specification signed and witnessed 
this 15th day of October 1900, 


_ THOMAS A. EDISON. 
Witnesses: 
J. F. Ranpowru, 
J. A. Borne. 
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